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Amblyopia and Strabismus by Monocular Corneal Opacity 
Following Suspected Epidemic Keratoconjunctivitis in Infancy
Byoungyoung Gu, Junhyuk Son, Myungmi Kim
Department of Ophthalmology, Yeungnam University College of Medicine, Daegu, Korea
Purpose: To identify the long term clinical course of amblyopia and strabismus that developed secondary to a mon-
ocular corneal opacity following suspected epidemic keratoconjunctivitis (EKC) in infancy. 
Methods: This was a retrospective study analyzing the medical records of seven patients, treated in our clinic, who 
were followed for more than five years. 
Results: Four patients in our clinic underwent a corneal ulcer treatment following suspected EKC. Each developed 
a monocular corneal opacity. Three patients with a chief complaint of corneal opacity were transferred to our clin-
ic from other clinics. These patients had documented histories of treatment for EKC in infancy. All patients were 
treated with early occlusion therapy, but amblyopia persisted in four patients. Furthermore, all patients had stra-
bismus and showed a significant reduction of stereoscopic vision. 
Conclusions: Although infants with EKC are not always cooperative, slit lamp examination should be performed as 
early as possible, and appropriate medical treatment should be performed, thus reducing the development of cor-
neal opacity. Careful follow up should be regularly performed, and the occurrence of amblyopia or strabismus 
should be verified at an early stage using visual acuity or ocular alignment examination. Ophthalmologic treat-
ments, including active occlusion therapy, should also be pursued. 
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Epidemic keratoconjunctivitis (EKC) is a relatively com-
mon ocular disease caused by human adenoviruses. EKC is 
characterized by having not only symptoms that include for-
eign body sensation, and pruritus, but also signs including 
unilateral or bilateral hyperemia, discharge, blepharoedema, 
chemosis, follicular and papillary conjunctival response as 
well as the findings of membranes on slit lamp examination 
[1-3]. In most cases, EKC is easily diagnosed based on clin-
ical symptoms and slit lamp examination. Adults may com-
plaint of visual disturbances due to subepithelial corneal 
opacity developing after EKC. However, most patients com-
pletely recover without any side effects after a two to three 
week clinical course [1,3,4]. EKC is much more difficult to 
diagnose in infants, since they are less cooperative in oph-
thalmic examinations. The development of a corneal ulcer 
due to membrane formation in the progression of the disease 
may cause a corneal opacity to form in one eye, even after 
complete healing of the keratoconjunctivitis [1,4,5]. 
Various studies have reported that once there is a corneal 
opacity in one eye, induced either by infection or trauma, 
complications such as amblyopia, strabismus, or reduced 
stereoscopic vision can develop, even if the opacity is not se-
vere [6-10].
The high prevalence of EKC as opposed to other ocular 
diseases. has not resulted in many reports on amblyopia, 
strabismus or impairment of sensory function caused by 
EKC induced corneal opacity. Thus, we sought to determine 
the long term clinical course of the amblyopia and stra-
bismus following EKC induced corneal opacity formation 
in infants. 
Materials and Methods
This study was a retrospective one to analyze the medical 
records of seven patients, who were treated for more than 
five years in our clinic between June 1992 and February 
2001. Some of these patients underwent corneal ulcer treat-Korean J Ophthalmol Vol.25, No.4, 2011
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Table 1. Characteristics of patient
Patient  Sex Laterality EKC onset age (mon) Location and Fantes grade of corneal opacity
1 Male OS   4.5 Central, grade 2
2 Female OD 7 Central, grade 2
3 Female OS 4 Central, grade 2
4 Male OS 12 Central, grade 2
5 Male OD    2.5 Central, grade 2
6 Male OS 1 Central, grade 2
7 Female OD 4 Central, grade 2
EKC = epidemic keratoconjunctivitis; OS = left eye; OD = right eye.
Table 2. Refractive error of patients
Patient Eye with corneal opacity Fellow eye
1 Plano +2.50 Dcyl × 90° Plano
2 -1.5 Dsph +0.50 Dsph +0.50 Dsph × 90°
3 +3.00 Dsph +1.50 Dcyl × 90° +1.00 Dsph +0.75 Dcyl × 90°
4 Plano +1.00 Dcyl x 90° Plano +1.00 Dcyl × 90°
5 -1.00 Dsph +2.00 Dcyl × 105° Plano +0.25 Dcyl × 180°
6 +3.00 Dsph +1.00 Dcyl × 90° +0.75 Dsph
7 -4.50 Dsph +1.25 Dcyl ×90° -4.50 Dsph
cyl = cylindrical; sph = spherical.
ment following EKC and developed a corneal opacity in one 
eye. Other patients, whose medical histories of infant EKC 
were verified, were treated for corneal opacity induced am-
blyopia or strabismus. We collected data on each patient. 
This data included each patient’s age at the time of the EKC 
infection, the type of corneal opacity, visual acuity, re-
fractive error, the beginning period of occlusion therapy, the 
period of development, and the type of strabismus and ster-
eoscopic vision. Corneal opacity was graded using Fantes 
classification [11]. 
Visual acuity examination was performed during the 
course of observation when measurement was possible using 
a pictured visual acuity test chart. If visual acuity examina-
tion was not possible during the first medical examination 
with a numbered visual acuity chart, then a picture visual 
acuity chart was used for initial visual acuity measurement. 
Visual acuity was examined using a numbered visual acuity 
chart as early as possible. All patients underwent refractive 
error correction and visual acuity examination after cyclo-
plegic refraction. Visual acuity was measured using a projec-
tion chart (Topcon auto chart projector; Topcon, Tokyo, 
Japan), and measured values were assessed by conversion to 
logarithm of the minimal angle of resolution (logMAR) [12]. 
An alternate prism cover test was used to measure the an-
gle of strabismus in the far and near distance after the patient 
had been corrected for refractive error. The motor function of 
the external ocular muscles was tested using duction and ver-
sion tests. The Lang and Titmus test were used for stereopsis. 
In addition, the Worth four-dot test and afterimage test were 
performed to assess sensory function.  
Results
Four patients were male, and three were female. Suspected 
EKC occurred in all patients within one year after birth. The 
mean age of EKC development was 5.0 ± 3.6 months (range, 
1 to 12 months). The mean follow up period was 9.4 ± 2.8 
years (range, 5 to 11.5 years). Four patients visited our clinic 
with chief complaints of monocular edema, hyperemia, and 
discharge. Chemosis, follicle formation, papillary con-
junctival reaction, and corneal ulceration were noted on the 
slit lamp examination. Three of these four patients were ad-
mitted to the hospital and were medically treated. No patients 
had systemic symptoms. 
The remaining three patients with a chief complaint of cor-
neal opacity were transferred to our clinic from other clinics. 
These patients had previously documented histories of treat-
ment for suspected EKC, and monocular corneal opacity was 
noted on slit lamp examination. All patients showed post sus-
pected EKC monocular corneal opacity located in the central 
cornea, with Fantes classification [11] grade 2, corneal opac-
ity was easily identified on slit lamp examination (Table 1).
Visual acuity examination was not possible at the first visit 
in these patients due to their young age. During the follow up 
period, the mean best corrected visual acuity (BCVA) in the 
eyes with corneal opacity on the first medical examination 
was logMAR 1.17 ± 0.64 (range, 2 to 0.4). The mean BCVA 
in the normal eyes was logMAR 0.40 ± 0.15 (range, 0.6 to 
0.2) at that time, and all seven patients had amblyopia.
Cycloplegic refraction was performed in all patients, and 
glasses were prescribed for correction of refractive error, as 
needed. In cases of refractive error, patients with a corneal B Gu, et al. Amblyopia and Strabismus Follow EKC
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Table 3. Visual outcomes of patients
Patient Initial BCVA of 
affected eye 
(logMAR)
Initial BCVA of 
fellow eye 
(logMAR)
Interval from suspected 
EKC onset to occlusion 
therapy (mon)
Final BCVA of 
affected eye 
(logMAR)
Final BCVA of 
fellow eye 
(logMAR)
12 0 . 3 3 0 0 . 0 0 . 0
20 . 8 0 . 4    3 0 . 4 0 . 0
30 . 8 0 . 3 4 4 0 . 3 0 . 0
40 . 4 0 . 2 3 4 0 . 0 0 . 0
51 . 4 0 . 6 4 6 0 . 7 0 . 1
62 0 . 4 1 2 1 . 0 0 . 1
7  0.82 0.6    3 0.1 0.0
BCVA = best corrected visual acuity; logMAR = logarithm of the minimal angle of resolution; EKC = epidemic keratoconjunctivitis.
Table 4. Type of strabismus
Patient Interval from suspected EKC 
onset to strabismus appearance (mon)
Type of strabismus (deviated angle)  
1 26 Esotropia (12 PD)
2   4 Exotropia (16 PD)
3 37 Intermittent exotropia & DVD (25 PD & 8 PD)
4 27 Intermittent exotropia & IOOA (20 PD)
5 51 Intermittent exotropia (25 PD)
6 19 Exotropia & DVD (16 PD & 12 PD)
7 85 Intermittent exotropia (16 PD)
EKC = epidemic keratoconjunctivitis; PD = prism diopter; DVD = dissociated vertical deviation; IOOA = inferior oblique overaction.
Table 5. Tests for stereopsis and sensory anomalies at the end of occlusion therapy
Patient  Titmus test (sec of arc) Lang test Worth four-dot test Afterimage test
1 >3000 Failed Suppression NRC
2 >3000 Failed Suppression NRC
3 >3000 Failed Suppression NRC
4 400 Passed Normal fusion NRC
5 800 Failed Suppression NRC
6 800 Failed Suppression NRC
7 50 Passed Normal fusion NRC
NRC = normal retinal correspondence.
opacity showed myopia (1 patient), astigmatism (2 patients), 
myopic astigmatism (2 patients), or hyperopic astigmatism 
(2 patients). Three patients had anisometropia. One patient 
had anisometropia with myopia in one eye and hyperopia in 
the other eye. Two patients had compound hyperopic aniso-
metropia, where both eyes were hyperopic, but to differing 
degrees (Table 2).
Occlusion therapy was performed in all patients, and the 
mean period from the time of suspected EKC treatment until 
the beginning of occlusion therapy was 24.58 ± 18.46 months 
(range, 3 to 46 months). Occlusion therapy was begun 30.93 
± 15.63 months (range, 10 to 48.5 months). Initial occlusion 
durations were half of awakened hours (4 to 6 hours), dura-
tion of occlusion and frequencies of visits were determined 
according to the response to occlusion therapy and patients’ 
compliance. We recommended at least one hour of near visu-
al activities such as reading a book, dictation, computer or 
video game, and television watching, while patched.
The mean BCVA were logMAR 0.36 ± 0.38 (0.7 to 0.0) and 
logMAR 0.03 ± 0.05 (0.1 to 0.0) for eyes with corneal opac-
ity and for normal eyes, respectively, at the final visit. Four 
patients (57%) showed amblyopia at the final visit (Table 3). 
Patients with anisometropia showed amblyopia, even at the 
final follow up visit.
Of the four patients who visited our clinic with suspected 
EKC symptoms, three showed orthophoria at the first visit. 
Ocular alignment examination was not carried out for the re-
maining since cooperation was poor. Three patients who had 
been transferred to our clinic with a chief complaint of cor-
neal opacity showed 10 prism diopters (PD) of exotropia, 8 
PD of exotropia, and 25 PD of exotropia with dissociated 
vertical deviation at the first visit. During the follow up peri-Korean J Ophthalmol Vol.25, No.4, 2011
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od, all seven patients showed strabismus, and the mean peri-
od from the time of suspected EKC onset until the appear-
ance of strabismus was 3.0 ± 2.2 years (range, 0.4 to 7 years). 
The types of strabismus included esotropia (1 patient), con-
stant exotropia (1 patient), intermittent exotropia (2 patients), 
exotropia with dissociated vertical deviation (1 patient), in-
termittent exotropia with inferior oblique overaction 
(1 patient), and intermittent exotropia with dissociated verti-
cal deviation (1 patient). The deviated angles of each patient 
are shown in Table 4.
The Lang test, Titmus test, Worth four-dot test and after-
image test were performed during the follow up period, when 
patients cooperated. Only two of the seven patients (28.6%) 
could pass the Lang test. Titmus test results varied from a 
case in which 50 seconds to a case in which a fly wing could 
caught in 3,000 seconds with stereoscopic vision. On the 
Worth four-dot test, fusion was seen in two patients (28.6%). 
On the afterimage test, all seven patients (100%) showed 
normal retinal correspondence (Table 5).
Discussion
Infection-induced monocular corneal opacity may cause a 
decline in the development of visual acuity or may lead to oc-
ular motor abnormalities in infants [6-10]. Beneish et al.
 [7]
 
reported amblyopia in five infants, who had developed cor-
neal opacity after suffering from herpes keratitis. They em-
phasized the importance of refractive error correction and 
early occlusion therapy, along with scrupulous follow up for 
infants. Cameron and Mullaney [8] also reported corneal opacity 
and amblyopia among infants with vernal keratoconjunctivitis. 
They asserted that the probability of opacity formation 
should be minimized, if the corneal epithelial defect is stimu-
lated to regenerate at an early stage. They further suggest 
prompt occlusion therapy in patients that develop amblyopia 
after corneal opacity formation. As a consequence, good vis-
ual prognosis may be expected. 
In comparison with other diseases, such as herpes keratitis 
or vernal keratoconjunctivitis, EKC has a high prevalence 
rate and is highly infective. Nevertheless, since relapses are 
not common and the clinical course is self-limiting, post 
EKC corneal opacity may often be overlooked, and the op-
portunity for regular scrupulous follow up observation may 
be missed.
In general, diagnosis of EKC are mainly clinical. EKC is 
diagnosed as typical symptoms such as an acute onset red eye 
with watery discharge, contagion of fellow eye in a few days 
and so on. Viral isolation are the most clear and definite op-
tions for the diagnosis of EKC. But they are expensive, slow, 
uncomfortable and not routinely used even if it is endemic 
disease in Korea. Our patients have also characters; conta-
gious to family, fellow eye infection, typical symptoms. And 
they got a corneal specialist diagnosis.
In this study, all patients showed a visual acuity difference 
of two lines or more on the initial measurement of visual 
acuity. Although occlusion therapy was implemented at an 
early stage, four patients (57%) showed amblyopia at the fi-
nal follow up visit. 
Generally, amblyopia may develop caused by strabismus, 
anisometropia and visual stimulus deprivation in the critical 
period of visual development. Amblyopia caused by corneal 
opacity after infectious ocular surface disease could be in-
duced by two specific things: 1) opacity-induced blockage of 
proper visual stimulation required for visual development 
and 2) anisometropia-induced defocusing of the image on 
one retina leading to blunting of visual pathway development 
in the affected eye [6]. All seven patients had suspected post 
EKC opacity of the central cornea sufficiently large to be 
easily seen on slit lamp examination. Early occlusion therapy 
was performed in all patients, who achieved good visual de-
velopment, and some patients showed improvement in visual 
acuity. However, patients with anisometropia showed poor 
visual acuity at final follow up, despite undergoing early oc-
clusion therapy. This study showed that patients with aniso-
metropia induced by corneal opacity might have poor prog-
nosis of visual prognosis.   
All patients had strabismus of one type or another during 
the follow up, including esotropia, exotropia, exotropia with 
dissociated vertical deviation, and exotropia with inferior ob-
lique overaction. Four of the seven patients underwent stra-
bismus surgery. Because stereoscopic vision is the high bin-
ocular visual function of both eyes, the presence of stra-
bismus, amblyopia or anisometropia in infants could be 
acutely affected in the random dot stereotest [13]. Only two 
patients passed the Lang test. They showed relatively good 
stereoscopic vision even on the Titmus test in comparison 
with the other patients. 
With respect to the quantitative sensory test, only two pa-
tients with good stereoscopic vision also showed fusion on 
the Worth four-dot test. Two patients with good stereoscopic 
vision and the Worth four-dot test results had less difference 
in visual acuity or refractive error between their eyes at an 
early stage, compared with other patients. These two patients 
also exhibited good final visual acuity. Less pronounced vis-
ual acuity and refractive error differences between the two 
eyes suspected of early EKC were associated with better vis-
ual acuity and stereoscopic vision. All patients showed nor-
mal retinal correspondence on afterimage test. This was due 
to the fact that strabismus occurred through a sudden corneal 
opacity development. There was no time to adapt to the new 
sensory changes, and normal retinal correspondence was 
maintained owing to abruptly developed amblyopia. 
In this study, all seven patients, who underwent long-term 
follow up due to monocular corneal opacity development af-
ter suspected EKC, developed amblyopia. These patients 
were treated with early occlusion therapy, but amblyopia re-
mained in more than half of them (4 / 7, 57%), even after oc-
clusion therapy was implemented. Furthermore, all patients 
had strabismus and deceased stereoscopic vision. Thus, al-
though cooperation is difficult to secure in infants with sus-B Gu, et al. Amblyopia and Strabismus Follow EKC
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pected EKC, slit lamp examination should be performed as 
often as possible, and appropriate medical treatment should 
be instituted, thus minimizing the possibility of corneal opac-
ity development. Those cases in which the corneal opacity 
remains, the clinical course of the disease should be well ex-
plained to the patient’s parents. Careful follow up should be 
regularly performed, and the occurrence of amblyopia or 
strabismus should be verified at an early stage using visual 
acuity, and ocular alignment examination. Ophthalmologic 
treatments, including active occlusion therapy, should also 
be pursued.  
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